1. Introduction {#s0005}
===============

Ovarian sex cord-stromal tumors are a heterogeneous group of rare neoplasms arising from the ovarian matrix, accounting for only 1.2% of all ovarian cancers. Granulosa cell tumors (GCTs), including adult and juvenile subtypes, comprise 70% of sex cord-stromal tumors ([@bb0015]). The adult subtype is most commonly diagnosed after age 30, with a median age of 50 years. Adult GCTs are low-grade malignancies that typically demonstrate indolent growth. Approximately 70--90% are stage I at diagnosis and are associated with 90--95% 5-year survival ([@bb0015]). However, late recurrences occur in up to 25% of stage I tumors and may recur 5 to 30 years after initial diagnosis ([@bb0040]). Juvenile type GCTs, representing only 5% of all GCTs, demonstrate high proliferate rate and typically develop before puberty ([@bb0040]). Similar to adult GCTs, 95% of juvenile GCTs are diagnosed as stage I cancers; however, lethal recurrences are more likely to develop within 3 years of diagnosis ([@bb0025]).

The rarity of these tumors limits research opportunities to investigate the natural history of GCTs, treatment strategies, and prognosis. An extra-fascial hysterectomy with bilateral salpingo-oophorectomy is recommended for women who are done with childbearing. Though some authors suggest routine pelvic and para-aortic lymph node sampling may be omitted from surgical staging given the rarity of lymph node metastases, recent findings from a National Cancer Database study (*n* = 2680) found that incomplete surgical staging was associated with increased hazard of death ([@bb0050]; [@bb0005]; [@bb0055]). A 2014 Cochrane review including five retrospective cohort studies (*n* = 535) deferred any conclusion regarding the safety of fertility-sparing surgery and the effectiveness of adjuvant treatment for GCTs ([@bb0030]).

As late recurrences are common in women with ovarian GCTs, studies have sought to determine demographic and prognostic factors associated with disease. Suri et al. found diabetes to be a strong predictor of ovarian GCT recurrence ([@bb0070]). Given African Americans, Hispanics, and Asians are at increased risk of diabetes and Montefiore Medical Center serves a minority majority catchment population in Bronx, New York, we sought to further investigate the impact of clinical and pathologic covariates including diabetes mellitus on progression free survival in our unique patient cohort ([@bb0065]).

2. Methods {#s0010}
==========

Approval to conduct this retrospective cohort study was obtained by the Institutional Review Board at Montefiore Medical Center. Our institutional gynecologic oncology tumor registry was queried to retrospectively identify all patients diagnosed with ovarian GCTs. Patients were considered eligible if they were diagnosed with ovarian GCTs, of both adult and juvenile subtypes, and received treatment at our institution from January 1, 2005 through December 31, 2015. The primary objective of our study was to evaluate the impact of clinicodemographic and prognostic factors on progression free survival in our unique patient cohort of a minority catchment population.

Inpatient and outpatient records were reviewed for collection of demographic data including clinical presentation, age at diagnosis, race, parity, menopausal status, BMI, personal and family history of malignancy, medical comorbidities, concurrent presence of endometrial abnormality, and smoking history. Clinicopathologic and treatment data including surgery performed, stage, tumor histology, and chemotherapy administration was abstracted from operative notes, ambulatory notes, and pathology reports. FIGO 1988 ovarian cancer staging guidelines were used. We defined complete surgical staging as extra-fascial hysterectomy with bilateral salpingo-oophorectomy, omental sampling, lymphadenectomy (pelvic and/or para-aortic), and pelvic washings. We defined fertility sparing surgery as any procedure with conservation of the uterus and one adnexa. Only pre-menopausal women under the age of 50 were eligible for analysis for fertility sparing surgical procedures.

Data analysis was performed using Stata version 14.2 (StataCorp. 2015. *Stata Statistical Software: Release 14*. College Station, TX: StataCorp LP). Continuous data was reported as medians with interquartile ranges. Categorical data was presented as the number of subjects with percentages. Bivariate analyses, including the Mann-Whitney *U* test and Fisher\'s exact tests, were performed to assess the association between clinical variables and diagnosis of disease recurrence or progression. Univariate logistic regression was performed to assess the association of individual variables with recurrence or progression. Odds ratios were reported with 95% confidence intervals. A Cox proportional hazards model was fit using both forwards and backwards stepwise elimination to accurately characterize the association of individual covariates with progression free survival (PFS). Log-rank testing was performed to compare experience of PFS by diagnosis of diabetes by groups and survivorship curves were generated using the Kaplan-Meier Method.

3. Results {#s0015}
==========

Seventy-two cases of GCT were identified, of which histologically 96% (*n* = 69) were adult subtype and 4% (*n* = 3) were juvenile subtype. Although our study predominantly focused on the adult histologic subtype (96%, n = 69), we chose to also analyze the juvenile histologic subtype subtype (4%, n = 3) in our patient cohort. This was due to the fact that even though both manifest different pathologic behavior they are often similarly managed from a clinical standpoint. The median age of diagnosis and BMI were 55 years (IQR 43, 62) and 31 (IQR 26, 36), respectively ([Table 1](#t0005){ref-type="table"}). While only 7% (*n* = 5) of patients were White, the remaining patients were Black (*n* = 38), Hispanic (*n* = 15), Asian (*n* = 2) and declined/unknown (*n* = 12). The most common presenting complaint was abnormal uterine or postmenopausal bleeding (28%). Other clinical presentations included: pain (26%), physical exam abnormality (14%), and incidental finding on imaging, intra-operative evaluation, or pathology (21%). The majority of patients (95%) presented with stage I disease. Twenty-one percent of patients (n = 15) had diabetes. Additionally, in our patient cohort 85% (*n* = 61) of patients underwent endometrial sampling pre-operatively, intra-operatively, or within 3 months of surgery. Of those, 31% (*n* = 19) were diagnosed with endometrial hyperplasia or carcinoma.Table 1Bivariate analysis examining association of individual covariates with disease recurrence or progression in patients with granulosa cell tumors[a](#tf0005){ref-type="table-fn"}Table 1CharacteristicsTotal cohort (*N* = 72)No recurrence or progression (*N* = 60)Recurrence or progression (*N* = 12)OR95% CI*P* valueAge (years)55 (43, 62)55 (42, 62)56 (49, 64)----0.50Body mass index (kg/m^2^)31 (26, 36)31 (26, 36)31 (29, 38)----0.60Parity2 (1, 3)2 (0,3)2 (1,3)----0.61Medical co-morbidities Diabetes15 (21)10 (17)5 (42)3.500.92--13.290.11 Hypertension47 (66)38 (64)9 (75)1.660.40--6.800.74 Hyperlipidemia29 (41)22 (37)7 (58)2.350.67--8.330.21 Obesity43 (60)36 (60)7 (58)0.930.27--3.29\<0.99 Current or former smoker19 (26)18 (30)1 (8)0.210.03--1.770.16 Postmenopausal42 (58)33 (55)9 (75)2.450.60--9.980.20 Family history of cancer18 (25)15 (25)3 (25)0.980.23--4.09\<0.99 Received chemotherapy11 (15)6 (10)5 (42)6.431.55--26.710.02Race White5 (7)3 (5)2 (5)REFREF0.07 Black38 (53)33 (55)5 (55)0.230.03--1.72 Hispanic15 (21)11 (18)4 (18)0.550.07--4.56 Asian2 (3)1 (2)1 (2)1.500.06--40.63 Unknown/declined12 (17)12 (20)0 (20)N/AN/A Non-white race67 (93)57 (95)10 (83)0.260.04--1.780.20 Nulliparity18 (25)16 (27)2 (17)0.550.11--2.790.72Histologic subtype Adult69 (96)58 (97)11 (92)REFREF0.43 Juvenile3 (4)2 (3)1 (8)2.640.22--31.65 Tumor size (cm)[b](#tf0010){ref-type="table-fn"}9 (5, 14)8 (5, 13)11 (6, 17)----0.17Cancer stage IA51 (71)45 (75)6 (50)REFREF0.19 IB2 (3)1 (2)1 (8)7.500.41--136.27 IC15 (21)11 (18)4 (33)2.720.65--11.36 II1 (1)1 (2)0 (0)N/AN/A IIIC3 (4)2 (3)1 (8)3.750.29--47.89 \>Stage I disease4 (5.6)3 (5)1 (8)1.730.16--18.170.53Surgical Approach Abdominal47 (66)36 (60)11 (100)N/AN/A0.01 Laparoscopic/robotic24 (34)24 (40)0 (0)N/AN/AAdnexal surgery BSO52 (72)40 (67)11 (92)REFREF0.39 USO19 (26)19 (32)1 (8)0.210.03--1.79 Unilateral cystectomy1 (1)1 (1)0 (0)N/AN/A Hysterectomy49 (68)37 (62)11 (92)6.840.83--56.530.05 Pelvic lymph node dissection32 (46)25 (42)7 (70)3.270.77--13.880.17 Para-aortic lymph node dissection25 (35)19 (32)6 (60)3.240.82--12.830.15 Complete staging26 (36)19 (32)7 (58)3.020.85--10.760.10 Partial staging40 (56)32 (53)8 (67)1.750.48--6.440.53 Fertility sparing[c](#tf0015){ref-type="table-fn"}16 (62)15 (65)1 (33)0.270.02--3.410.54[^1][^2][^3]

Seventy-two percent of patients underwent bilateral salpingo-oophorectomy. Of the remaining patients, 26% underwent unilateral salpingo-oophorectomy with conservation of the contralateral ovary and 1% underwent unilateral cystectomy with conservation of bilateral ovaries. The majority of patients (68%) also underwent hysterectomy. Complete surgical staging was performed in 36% (*n* = 26) of patients. Lymph node sampling was performed in 46% of patients and 1 patient was found to have nodal metastases. No patients that underwent omental sampling had microscopic omental disease. Fertility sparing surgery was performed in 22% (*n* = 16) patients, 38% of whom (*n* = 6) subsequently had a live birth without assisted reproductive technology ([Table 2](#t0010){ref-type="table"}).Table 2Pregnancy outcomes in patients undergoing fertility sparing surgery for ovarian granulosa cell tumors (N = 16).Table 2Patient \#AgeSurgery performed\# Pregnancy\# Live birthRecurrence130LSC USO22No241LSC USOUnavailableUnavailableNo331LSC USO00No443LSC USOUnavailableUnavailableNo535Exlap, USO, PPALND00No640LSC USOUnavailableUnavailableNo726LSC USO, PPALND00No832RA USO, contralateral ovarian cystectomy11No943LSC USO00No1024LSC ovarian cystectomyUnavailableUnavailableNo1138LSC USO00Yes1225RA USO, PLND, peritoneal biopsy, omental biopsy00No1321Exlap, USO, omental biopsy11No1438Exlap, USO, omental biopsy11No1534LSC USO11No1635Exlap, USO11No[^4]

Only 10% of patients received adjuvant chemotherapy ([Table 3](#t0015){ref-type="table"}). The most frequently prescribed chemotherapy regimen (43%) was bleomycin, etoposide, and cisplatin (BEP). Of those treated with adjuvant chemotherapy, 4 patients had stage IA, 1 had stage II, and 2 had stage IIIC disease. Of the four patients with early stage disease that received adjuvant chemotherapy, two of them had other synchronous cancers (one uterine carcinosarcoma and one uterine serous carcinoma), which dictated their need for chemotherapy and the prescribed regimen. Our records demonstrate incomplete documentation to explain why two of the stage IA patients initially received adjuvant treatment with BEP, limiting our ability to draw further conclusions about the decision-making process. However, one could infer that both of these patients had large tumor sizes (12 cm and 22 cm) and it has been previously described in the literature that large tumor size (\>5 cm) seems to be related to disease recurrence which may have prompted the provider to offer adjuvant chemotherapy ([@bb0070]). Of those who received adjuvant chemotherapy, there was one recurrence in a patient with stage IIIC disease in whom BEP was discontinued after one cycle due to anemia and bacteremia.Table 3Chemotherapy regimens used for adjuvant treatment of recurrent or advanced stage granulosa cell tumors (N = 7).Table 3Patient \#StageComplete surgical resectionAdjuvant treatment receivedRecurrenceTime to recurrence (months)Other synchronous cancer1IIICYesBEPYes4No2IIYesCarbo/taxol, RTNo--No3IAYesIfosfamideNo--Uterine carcinosarcoma4IAYesCarbo/taxol, RTNo--Uterine serous carcinoma5IAYesBEPNo--No6IAYesBEPNo--No7IIICYesCisplatin/paclitaxel x1 then Carbo/taxol due to neuropathyNo--No[^5]

Eleven recurrences were diagnosed over a median follow up 58.5 months (IQR 26.8, 94.0). The majority of recurrences (91%) occurred among women with early stage disease at initial diagnosis. Among the three juvenile subtypes in our patient cohort there was one recurrence of disease. Complete surgical staging was performed in 55% (*n* = 6) of patients that had recurrent disease and there was one recurrence among those that underwent fertility sparing surgery. Of those patients that were not lost to follow up and accepted treatment for their first recurrence, the majority underwent secondary debulking and one patient received bleomycin, etoposide, and cisplatin. Three patients were treated with aromatase inhibitors and three received Megestrol acetate. Though no deaths were attributable to disease, one patient died secondary to bleomycin pulmonary toxicity.

Patients contributed a total of 4143 person-months of analysis time over the course of the study. The incidence rate of disease recurrence or progression was 0.3% with a median time to recurrence of 140 months. In simple logistic regression, no significant association was found between age, BMI, race, parity, menopausal status, family history of cancer, histologic subtype, tumor size, stage, extent of lymph node sampling, complete surgical staging, laterality of adnexectomy, and fertility sparing surgery and disease recurrence/persistence. Similarly, there was no association between hypertension, hyperlipidemia, obesity, and smoking status, and risk of disease recurrence/progression. Of the 15 women with diabetes, 33% (*n* = 5) had recurrent/persistent disease and all 5 were alive at last evaluable encounter. Although simple logistic regression did not identify an association between diabetes and disease recurrence, Cox proportional hazards modeling revealed that diabetes was significantly associated with PFS when controlling for other covariates. Women with diabetes had a median PFS of 116 months compared to 140 months in women without diabetes (HR 5.72, 95% CI 1.52--21.56). Covariates were selected for inclusion in the model if they achieved a pre-determined *p* value cutoff of \<0.25 in univariate survival analysis. These covariates included hyperlipidemia, BMI, smoking status, menopausal status and receipt of adjuvant chemotherapy. In stepwise elimination, all covariates with the exception of diabetes exited the model, as they were not significantly associated with disease recurrence. Log-rank testing for stratified experience of PFS by diagnosis of diabetes was also significant (*p* \< .01). Kaplan Meier survival curves for PFS are shown in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1Kaplan Meier survival curve examining progression-free survival stratified by diagnosis of diabetes.Fig. 1

4. Discussion {#s0020}
=============

Our study describes a large and well-characterized unique patient cohort of a minority catchment population with ovarian GCTs. In this group of women, diagnosis of diabetes mellitus was associated with worse progression free survival. Additionally, we found no difference in progression free survival among those women that did and did not undergo lymphadenectomy and complete surgical staging. Lastly, we identified no patients in our cohort that died of recurrent granulosa cell tumor. However, one patient in the cohort did die from chemotherapy related complications.

Our study shares several similarities to those findings previously reported in the literature. We identified an association between diabetes mellitus and worse progression free survival. To the best of our knowledge, the association between diabetes mellitus and increased risk of recurrence in women with early stage GCT has been reported only once in the literature, by Suri et al. where in univariate analysis diabetes mellitus showed the strongest association with recurrence (HR 3.37, 95% CI 1.38--8.20) and in multivariate analysis diabetes was associated with a HR of 3.19 (95% CI 1.08--9.44) ([@bb0070]). One reason for the difference in outcomes on univariate analysis between our findings and that reported by Suri et al., could be that the later study focused on early stage disease in their analysis whereas our analysis included both early and late stage disease. Additionally, one could infer that perhaps the difference could be a result of the distinction in racial profile of the two patient cohorts with 76% of the patients in our cohort being non-white and 41% of the patients in the later study.

In our study, fertility sparing surgery was performed in 22% of patients, 1 of whom has had multiple disease recurrences, which have been successfully salvaged with cytotoxic chemotherapy and surgical debulking. These findings support the data reported by a SEER study, which demonstrated equivalent survival outcomes for women with stage I-II ovarian GCT who underwent fertility sparing surgery compared with those who underwent definitive surgery with hysterectomy ([@bb0005]). In our cohort, 26% of patients had concurrent endometrial hyperplasia/carcinoma and 5 patients had breast cancer. This is consistent with prior literature, which reports concurrent endometrial pathology in 25--30% of patients and increased risk of breast cancer in women with GCTs ([@bb0035]; [@bb0045]; [@bb0075]). Authors have proposed that a hyperestrogenic state develops secondary to upregulation of aromatase by a mutant FOXL2 gene (C134W) found in \>90% of adult-type GCTs, resulting in endometrial and breast pathology ([@bb0060]; [@bb0020]).

Our data differs from the existing literature as our patient cohort is enriched with racial minorities. Seventy-six percent of our cohort was non-white. In comparison, 57% and 72% of patients in a 2014 Cochrane review (*n* = 535) and a National Cancer Database study (*n* = 2680), respectively, were white ([@bb0055]; [@bb0030]). To the best of our knowledge, no other authors have reported the impact of diabetes mellitus on progression free survival in such a minority catchment patient population; 58.5% of patients reported by Suri et al. were Caucasian ([@bb0070]). Additionally, in a study of 58 women with sex cord-stromal tumors that underwent lymph node sampling, Brown et al. found no cases of nodal metastases ([@bb0005]). In our cohort, 1 of 32 patients that underwent lymph node sampling had nodal metastases. On review of that patient\'s pre-operative imaging, there was no pre-operative concern for nodal spread. However, we did not find an association between complete surgical staging and survival. This differs from the results of a recent retrospective study of 2680 women with ovarian GCTs, which reported an increased risk of death (HR 1.77, 95% CI 1.30--2.41) in those that underwent incomplete surgical staging ([@bb0055]). These authors report robust survival, surgical staging, and chemotherapy data and performed matched cohort analyses and propensity scores to reduce the effects of confounding factors, including chemotherapy exposure. However, they define incomplete surgical staging as surgery without bilateral salpingo-oophorectomy and hysterectomy whereas we also required lymphadenectomy and omental sampling to define complete surgical staging.

One shortcoming of this study is the retrospective study design. Additionally, due to the rare nature of ovarian GCTs, as well as low rate and late onset of recurrent disease, our study is limited by small numbers and few recurrences, which prevents multivariate modeling to evaluate the impact of clinicopathologic variables on the risk of recurrence. In a 10-year study period, we identified only 72 patients with GCT and observed only 11 recurrences. In comparison, the largest cohort of GCTs reported 240 cases over a 56-year study period ([@bb0010]). Moreover, as failure in our cohort was defined as disease progression or recurrence and was calculated from date of surgery to documented date of failure. Patients were censored at date of last follow-up or death unrelated to disease. As no patients died from disease in the cohort, we are unable to make any conclusions regarding overall or disease specific survival and thus unable to demonstrate a clear association between diabetes and survival outcomes.

In conclusion, we found that diabetes mellitus is associated with worse progression free survival in women with ovarian granulosa cell tumors. These findings are worthy of further investigation in multi-institutional studies or meta-analyses to investigate how lifestyle and behavioral modification may impact progression free survival in women with GCTs ([@bb0070]). Although the association between endometrial cancer and granulosa cell tumors is well described, we identified higher than expected rates of breast cancer in our cohort. Providers should be diligent about breast cancer screening in GCT survivors. Finally, while we observed no deaths related to disease, we did observe one death secondary to bleomycin-induced pulmonary toxicity. Given the lack of definitive data demonstrating a survival benefit with adjuvant therapy, providers should strongly consider the risks of chemotherapy related adverse events.

Author contributions {#s0025}
====================

Dr. Tymon-Rosario, Dr. Miller, and Dr. Nevadunsky conceived of the presented ideas and designed the study. Dr. Tymon-Rosario and Dr. Miller abstracted the data from the medical records and wrote the manuscript in consultation with Dr. Gressel and Dr. Nevadunsky. Dr. Gressel aided with the statistical analysis. Input from all of the authors was used for the final editions to the manuscript.

The research described was supported by NIH/National Center for Advancing Translational Science (NCATS) Einstein- Montefiore CTSA Grant Number UL1 TR001073.

[^1]: Continuous data reported as median (interquartile range). Categorical data are presented as N (%) associated with odds ratios and 95% confidence intervals.

[^2]: Tumor size observations missing for two patients with recurrent or progressive disease.

[^3]: Based on the 26 patients who were eligible for fertility sparing surgery (\< 50 years old and pre-menopausal).

[^4]: Please note the following abbreviations listed: LSC- laparoscopic, USO- unilateral salpingoophorectomy, Exlap- exploratory laparotomy, PPALND-pelvic and paraortic lymph node dissection, RA- robotic assisted, PLND- pelvic lymph node dissection.

[^5]: Please note the following abbreviations listed: BEP-bleomycin, etoposide, cisplatin, Carbo/taxol-carboplatin, paclitaxel, RT-radiation therapy, n/a-not applicable.
